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ABSTRACT 

Bench scale leaching, p i lo t  plant testing, and ion  exchange investigations 
were made on samples of ore stockpiled a t  Monticello, U t a h .  Some tes t ing 
of carbonate leach ta i l ings was also completed. 
with varying amounts of sulfuric acid a t  various densities, temperatures, 
grinds, abd times. 
obtained on all ores by acid leaching. 
amenable t o  ion exchange w i t h  same reservations. 
24, 29, and 28 were tested w i t h  the bulk of t h e  work performed on various 
samples of stockpfle 28. 
Mining and Development Company and the i r  Lessees. 

A l l  ores were leached 

Uranium extractions ranging from 92 t o  98 % were 
Liquors from the  ores were found 

Stockpiles 6 ,  16, 19, 

Stockpile 28 contains ore shipped by the Utex 
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F I n D  WORK PERFOFMED AT Morn- IN- 
3 

Harry I), Moulton, Jr. 

The f u l l  work program as  originally outlined for  Monticello was designed 
t o  t e s t  carbonate leach ta i l ings  now available and those currently being 
produced. 
these ta i l ings as part  of the feed. 

An expansion of the Monticello m i l l  had been planned t o  u t i l i z e  

During the course of t h i s  program, it became evident that shipments by 
the Utex Mining and Development Campany and the i r  Lessees were increasing 
t o  a point where def ini te  treatment methods would have t o  be worked out. 
At t h i s  time, the Winchester Laboratory assigned t h i s  work t o  the  Monticello 
Field Group for h e d i a t e  action. Work has progressed since then on various 
phases of the investigation. 

Samewhat l a t e r ,  the  expansion planned fo r  the Monticello m l l l  evolved 
into a ccanplete new acid leach section, t o  be operated separately from 
the present carbonate c i rcu i t .  Because of this  decision, a series of 
amenability t e s t s  was s tar ted on all stockpiles that might eventually 
be treated i n  the acid plant.  
part  and were designed t o  indicate whether the  ores r a l d  respond t o  
acid leaching and ion exchange. 
tes t s  had been made * on most of the stockpiles, t es t ing  was f o r  the most 
part l imited t o  determine t h e  ion exchange characterist ics of the  lfquOr8 
produced by acid leaching. 

A fen exploratory t e s t s  were made t o  determine se t t l i ng  and f i l t e r i n g  
rates and t o  check the  poss ib i l i ty  of recovery of vanadium fram barren 
slimes and liquors. 

These tests were small s c a l e f o r  the most 

Since previous acid leach amenability 

, 

OBnCT 0 F rNvEsTI GA.TIM 

The object of investigation was t o  determine optimum conditians for  a d &  
leaching of ores from various stockpiles a t  Monticello, and especially 
Stockpile 28, which was studied exhaustively both as t o  leaching and ion 
exchmge characterist ics.  
conjunction w i t h  those obtained a t  the Grand Junction P i lo t  Plant, t o  
develop a flow-sheet for the  proposed Monticello acid leach p l m t .  

* ACCO-30 “Prelfmfnary Leaching Tests for the Extraction of U r a n i u m  

Results from t h i s  t es t ing  a re  being used, i n  

from Various Mntice l lo  Stockpile Ores ” 
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The results of the t e a t  work done on each ore and p,rocess studies during 
the course of t h j s  investigation may be summarized as follows: 

Carbonate leach ta i l ings  from the Monticello m i l l  t a i l ings  area were 
treated by the Cialigher Company i n  a 5 ton acid pugging, curing, and 
percolation leach p i b t  plant.  
feed t o  the two-inch column plant.  

Liquors fram t h i s  plant constituted the  

Preliminary small column (25 ml) ion exchange t e s t  work on t h i s  l iquor 
indicated very poor exchange characterist ics.  A ser ies  of tests were 
made t o  determine the best method of obtaining be t te r  res in  loadings.. 

Two factors, a high sulfate  ion concentration and low uranium content, 
appeared t o  cause the  ion exchange d i f f icu l ty .  
lowering sulfate ion concentration were studied, and a method of l.OWerfng 
sulfate fon concentration while ra is ing uranium content was devised. The 
best and cheapest method of lowering su l f a t e  ion concentration involved 
the use of e i ther  limestone OP hydrated lime. 
lime om6 from stockpiles was developed and t h i s  not only lowered sulfate 
concentration, but a l so  increased uranium concentration i n  the liquor. 

Several methods of 

A flow sheet u t i l i z ing  hfgh 

!bo-inch column tes t ing  of l iquors produced i n  the p i l o t  p lan t  and treated 
with limed showed uranium loadings of from 20 t o  30 grama U308 per liter Of 
s e t  sett led resin. Average loading for  the runs was 27.3 gms. u 08 per  
l i t e r .  
precipitation of eluate with 'ammonia and calcining, was Over 90 % u308. 

Recovery fram solution was 96.73 and f i n a l  product gra a e, after 

Small colunm test ing of l iquors produced by pugging and curing of t a i l i ngs  
and contacted with fresh high lime ore, showed saturation loadings of 
79.7 g~ams U308 per l i t e r  of wet se t t led  resin.  

Three t o  f ive minute retention times w e r e  o p t i m u m  f o r  most of t h e  liquor6 
produced from ta i l ings .  
program on Utex ore was s tar ted.  
Group indicated that acid  leaching and ion exchange w i l l  a t  best be marginal 
when treating ta i l ings.  

Further work on t a i l i ngs  was suspended when the 
The work done by the Manticello Field 

Several different  samples of ore were taken fram Stockpile 28 and used i n  
the t e s t  wGrk  program. 
0.75 t G  1.25 % V Z O j ,  ar,d from 1.20 t o  17.0 % CaCO3. 
are uraninite and camoti  t e .  

These sasiqles assayed from 0.38 t o  0.57 % U308, 
b i n  uranium nunerd8 

Bench scale leaching test;; 
recoveries of over 95 ;% were polssible a t  proper acid concentrations using 
ei ther  m aqueous type leach or pugging and curing techniques. 
vanadium extractions, i n  the aqueous leach, ranged from 50 t o  75 % depending 
upon the amount of acid used. 

using su l fur ic  acid, shoved tha t  uranium 

The 
. 
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Vanadium extractions of 90 $ GP over were obtained w h e n  the ope was pugged 
with 700 pounds of H,S04 per .ton of ore, OP mope, etlad c u e d  for fow days 
at aznbieat tesapert3tu~es or for twenty hours a t  1 0 0 ° C .  
extractions w e ~ e  possible using the  same amount, or s l i g h t l y  less acid in 
combination a t h  hot (8roC) leaching a t  50 % sol ids  w i t h  t h e  addi t fan of 
10 t o  20 pounds of sodium si l ieo-f luoride per  tan  of ore. 

Test work indfcated t h a t  grinding of t he  ore  beyang 30 mesh was unrmessq  
and tha t  good extractions were possible w i t h  minus 16 mesh ore. 

S m l a r  vanacium 

Optimum conditions for aefd leacMng Stockpile 28 were selected EIWI a 
series of tests conducted j o i n t l y  R i t h  t h e  Crtligher Campany. 
are the conditions: 

The folkwing 

1. Acid - 700 pounds per  ton of ore 
2. Agitatiera 'rise - 12 hours 
3 .  Grind - Minus 16 Mesh 
4. Density - 50 % Solfds 
5 .  Temperature - 8 5 O C .  

The a w e  conditions were selected on the  basis of merxbuum uranium and 
vanadium recovery. 
(down t o  450 pounds p e r  ton) would still give high uranium extractions, 
but that  recovery of vanadium dropped t o  less than 50 5.  

Further t e s t  work disclosed t h a t  usfng less acfd 

PrelMncary s e t t l i n g  t e s t s  were made on leaeh pulp produced under the 
uptlmum conditions. 
observed without s e t t l i n g  a i d  addition. 
t o  1 before thickening. 
of Gua~tec per  ton of ore was added end sa t i s fac tory  s e t t l i n g  was obtained 
fn cold solution. Area requirements when using Guaptex were about 2.0 
squa~e f ee t  per ton per  24 hours. The pulp entered c ~ r e s s ~ o n  at rel 
relatively lcnr density and the zone of f r e e  s e t t l i n g  was r a the r  mmm. 
However, t e s t  work indicated sa t i s f ac to ry  rates were obtainable by the 
use of gum additives.  

V e r y  poor s e t t l f n g  of the mfnus 16 mesh ore was 
Leach pulp was di lu ted  t o  3.0 

Fina l  density was 45 so l id s  when 0.5 pound 

Ion-exehange of Utex acid leach liquors was tested in a standard four 
column two-inch column set-up with two columns on exhaustion and one on 
elution.' The freshly eluted column was used as a scavenber unit. 

Feed Ifquom t o  the columras averaged fram 1.0 t o  1.4  ~ m s .  U 08 per l i t e f  
Redox 

potential of t h e  liqucrs was generally below - 400 m.v. (oxidized) and 90 
reduction was required. 

and w e ~ e  t rea ted  with hydr.ir'ted lime t o  raise t h e  pH t o  1.4 z o 1.8. 

Thmgh June 7, 1954, 69 1/2 camplrte resin cycle0 f278 loatdfng cycles) 
had been run 3n the columns using Utex liquors produced fn the W l g h e p  
compmy P i l o t  Plant.  

.. -......-... -.-. - . .  . .  .. . . . . .  ..LA--- 

. . . . . . .  :.v . . . . . . .  
~ ~~ ~~ 
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Avexage xten.tfon time was 30 ninutes and resin loadfngs w e r e  mer 60 
gnms U 0 per Liter of’ w e t  se t t led  resin. 
averaged 99.8 $ or betteP, for  all cycles completed. 

ELutfazl of the  columns was investigated with a variety of eluting solutiOn8. 
The bulk of the  work w&s done Kith a standard 0.9 M NH C 1  - 0-1M HC1 eluant, 

Average elutfon retention time w a s  12.4 d n s .  
7.33 grams U308 per l i t e r ,  and f i n a l  eluates were about 0.15 
l i t e r .  

Recovery fpan solution 

: 

recycled d t h  chloride make-up, and acidified t o  pH 1. 8 KPth sulfuric acid. 
* Average eluate grade was 

U308 per  

Anhydrous auPcrvria WBS used t o  precipitate eluates, and about 0.7 pound 
per pound of U 3 0 ~  Bras required. 

Ute% om currently stockpiled a t  Idonticello was amenable t o  acid leaching 
a i d  fa exchange. The question of column operation vs. resin-in-pulp waa 
not studied here. Data fop such a study is available, however. 
of the ore suggested t h a t  a solid-liquid separation would be d i f f i cu l t  t o  
acheeve. 
be the easiest way tomake the  separation. 
the ore i n  acid leach pulps were poor i n  a l l  instances. 

V k d f u m  extractions of over 90 $ we* obtained &can t h i s  ope by hot, 
q u e m  leaching afthout pugging or  curing. .The cost of using additional 
acid on Utex ore for  the extraction of vanadium m e  too great t o  be 
eeondcal .  Previous experience a t  Monticello with pugged and cured ore\ 
indicated t h a t  the techniques employed there were not adaptable t o  large 
scale work. 

The buildup of molybdenum on the r e s in  required a periodic cleanup. Removal 
of this molybdenum contamination would be necessary about twice a year under 
normal’ plant conditions. 

Eluate make-up required about 2.0 pounds 
of 36 $ HGl. ma 3.0 pounds of 98 % €$SO4 per pound of UP-iUra eluted. 

The nature 

If clear liquor was used for ion exchange, a C.C.D. system would 
Fi l ter ing characteristics of 

The grade of the f ina l  product depended on the type of elutfan used. 
Ammnim chloride eluate produced a calcined product which pen 94 % U308, 

sodium chlorlde produced a product which contained a out 74 % U308 with 
Bodfun being t h e  chief impurity. 

small amounts of molybdenum, and about 1 - 1.5 $ P202. E l u t i m  n f th  

Leaching wcla carried out a t  85OC. on 400 pound batches of 10 mesh OP@ 8% 
SO % Bolfds using 300 pounds sulfur ic  acid per ton. 
w e ~ e  diluted t o  g ive  8 solution t o  sol ids  r a t i o  of 3 t o  1 and a head 
assay of 1 - l.5 gram3 U 08 per  l i t e r .  

The leach l iquors 

The pH was adjusted t o  1.5 w i t h  
l f m e  and filtered prior z o ion exchange. 



A C C O - ~ O  
- 9 -  

Variations in  dfLution were used t o  obtain differences i n  uranium 
content and t o  d e t e r a m  loadtng characterist ics.  
0.96 and 1.53 em. U30&ter, d id  not affect  loadings. 

Exhaustion-retention t ims were varied from 2.0 t o  5.6 minutes w i t h  
l i t t l e  or  no change fa loadings. 

Head variation, between 

Optimum retention ti= was 3.5 minutes. 

Eluaan of loaded coluums waa made w i t h  fresh O.9M "4Cl 
each colim. 
complete elutfoiz. Eluates averaged 3.53 fp~s. U308/liter. Final product 
g~ade, after mmnia precipitation and calcining ran from 91.4 t o  93.4 

Average resin Loedirig far 10 complete cycles was 65.5 gms. U308/liter 
w.6.r.  
fpom solutim was 99.64 $. 

0.lM EC1 for 
A n  average of 18.7 column volumes of eluate was requfred f o r  

e U30& 

No dxop ~ f f "  i n  loadings was noticed during the 10 cycles. Recovery 

Slick Rock ores make up a 1wge part of the material stockpiled a t  
Montfcello. 
treated by mil t  roasting and carbonate leaching. 
them t o  be amemble t o  acid leaching and ion-exchange. 
thin ore was mainly t o  determine ion-exchange amenability. 
testing of the ore should be considered, esp%ially as t o  optimum leach 
conditions and se t t l i ng  and fi l tering characterist ics.  

The ore8 are generally carnotites and have previously been 
Testwork here has shown 

The tes t ing  on 
Further 

D. Stockpile l9  (White Canyon) 

Stockpile 19 was leached i n  a manner similar t o  tha t  used fo r  Stockpile 
29. 
solution for ion-exchange was prepared i n  accordance w i t h  standard 
practice except t h a t  calcium carbonate was used f o r  neutralization. 
Head analysis was 1 .O gms 
Cu/liter a t  a pH of 1.5 and emf of -380 w e  

A t  exhaustion-retention times of 3.0 t o  6.0 minutes, res in  loadings were 
about 60 grams U308/liter w . 6 . r .  and recovery from solution was about 99.55. 
Elution with 1.0 molar NE4Cl acidified t o  pH 1-0 with H2SO4 required an 
average of 18 c o l u m  volums. 
complete, and s p l i t  elution would probably help w i t h  this liquor. 

Used i n  the leach were 300 pounds of sulfur ic  acid per ton. Head 

U308/llter, 0.36 gm.V205/liter and 1.15 gam. 

Elution of the columns w a s  slow and in- 

Resin loadings with ?.his l i q u o r  dropped off t o  50 grams per l i t e r  af%er 
three cycles snd rcXane3. a t  that figure fo r  the bhlance of the t e n  
cycles L 

A run i n  the tvc-lnsh cclurns using stockpile 19 liquors was planned for 
further s t u d y  

E. Stockpile 24 (Tc,mple Mabntain) 

Calcined Temple Mourltain ore was obtained from the Vitro Chemical Company 
through the I J -  S . Bureau of Mines Thls calcined product, minus 10 mesh, 
was leacnt.d batohiilbe as were thobe previous. Leaching was accomplished 
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using 300 pounds of sulfurjc w i d  per tm of ore. 
diluted and neutralfzed in  the standard manner. 
liquor to the 1/2-inch unit was 0.90 gms. U308/liter, 2,84 gms. V205/liter, 
a t  @I 1.65 and -410 m v 0  

Leach l iquor  was 
Head analysis  of t h e  feed 

Exhaustion retention times of from 2.6 t o  5.2 minutes gave r e s i n  loadings 
averaging 64.2 @nos U308/liter w . 8 . r .  
Oo9M NH4Cl - 0.U HCl  was complet.e, but ra ther  slow, 
column volumes was required t o  obtain complete e lut ion.  
run on t h i s  l iquor and no appreciable drops i n  loading were noticed. 
testwork done i n  MonticeElo Indicated t h a t  t h i s  l iquor  appears t o  be 
amnable t o  ion-exchange 

Elution of the columns with standard 
An average of 20.5 

Ten cycles were 
The 

F. Stockpile - 6 (MiscelLsmous HI& L i m e )  

The half-inch c o L m  work on t h i s  l iquor  is now i n  progress but no 
def in i te  resu l t s  have as yet; been obtained. 

C. Two-inch C o l m  Exhaustion Studies - 
Exheutstfon data for  t he  three types of solutions showed from 5 t o  10 
warns U3O8 per l i t e r  difference in the  loading character l6t ics  of the  
l iquors.  Apparently, cold, aqueous leaching with only  enough acid present 
t o  extract  the uranium values gave the  best  l iquor  for ion-exchange. Cold 
leach l iquors are now being run i n  the  columns and loadings appear t o  be 
holding near 70 grams U308 per l i t e r  of wet s e t t l e d  resin. Loadings f o r  
both pugged and hot leach l iquor  averaged from 60 t o  65 ~peuns U308 per l i t e r  
of wet s e t t l ed  resin.  

Loading character is t ics  of" pug l iquor  at  a f i n a l  d i lu t ion  of 2.5 t o  1 and a 
5 minute retention tim, and of hot leach l iquor  a t  a f i n a l  d i l u t i o n  of 
3.0 t o  1 and s 3 minute re tent ion time a re  shown in Figures 1 and 2 ,  
respectively. 
column reaches cutoff e 

In  both cases the  final column i s  saturated when the second 

A l l  type6 of l iquors t reated exhibited good ion-exchange cha rac t e r i s t i c s  
and high loadings. The pH of the  M feed must be held within the  limits 
of from 1.4 t o  1.8 and redox poten t ia l  of solutions should be below minus 
400 mil l ivol ts .  The best. rcsults vcre obtained when t h e  uranium content 
of the feed l iquor was held at. from l...O t o  1.5 grams U308 per l i ter .  
leaching and solid-liqued separation mthods now under consideration w i l l  
deliver feed liquor i n  t h i s  pangs from current Utex ores.  

Most 
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IV. TEST WORK PROCEDURE 

A .  Bench Testing 

Aqueous leach t e s t s  were conducted with 500 gram ore charges. 
vater was added t o  t h i s  charge t o  achieve t h e  desired dens i ty  and the 
specified amount of ac id  and other  reagents were added. 
was agitated by means of motor dr iven s t i r r e r s  and heat, i f  used, was 
supplied by e l e c t r i c  hot p la te .  

Suf f ic ien t  

The leach pulp 

Pulps were f i l t e r e d  on Buchner funnels and f i l t e r  cakes were washed with 
1-150 m l  58 acid wash and 2-150 ml water washes. 
were not saved, and ex t r ac t ion  f igu res  based on head and residue assays 
were used. 

In  most cases, so lu t ions  

Pugging of the  ore was done i n  enamel sample pans. 
of ore (usually minus 10 mesh) was thoroughly mixed with 200 m l  of water. 
The acid was then added and the  ore again thoroughly mixed. During the 
cure period, t he  ore was covered and per iodica l ly  sprayed w i t h  water t o  
keep it moist. When the ore was allowed t o  dry completely, it se t  up 
and was d i f f i c u l t  t o  remave from the pan. 
was a t  50 $ so l ids ,  roomtemperature,for t he  time specif ied.  
was added 0.5 pound Quartec per ton  of pulp p r i o r  t o  f i l t r a t i o n  and the 
cake was washed with three water washes and ac id i f i ed  t o  pH 1.5  with 
sulfur ic  acid.  

One thousand grams 

Agitat ion of the cured material 
To the leach 

F ina l  d i lu t ion ,  inclhding washes, was 2.5 t o  1. 

7 

Sett l ing t e s t s  were conducted according t o  a modified Coe and Clevenger 
method as published i n  the "Denver Equipment Index". I 

I -  
F i l t e r ing  tests were made using a standard 0.1 sq. f%. Oliver test  leaf, 
f i t t e d  with an or lon c lo th .  

B. P i lo t  Plant Testing 

The p i l o t  plant used f o r  leach t e s t i n g  of Utex ores  encountered in  th i s  
study was adapted from the  acid pugging and curing plant  used t o  develop 
material from the  Galigher Company t a i l i n g s .  Original ly ,  the plant  was 
designed and operated as a pugging and curing uni t ,  w i t h  percolat ion 
leaching of t h e  ore following the  cure period w i t h  a g i t a t i o n  leaching 
and f i l t r a t i o n .  

Pi lot  plant flow s t a r t e d  w i t h  a small storage b i n  t o  which minus 10 mesh 
ore from the main crushing plant  was del ivered by t ruck  and hand labor .  
A b e l t  feeder under the storage b in  fed ore t o  a 2 1/2 x 4 foot hor izonta l  
cylindrical  mixer equipped wi th  s p i r a l  mixing blades and mechanical 
knockers t o  prevent ore  buildup. Ore from the pugger was dropped i n t o  
a 5 ton b in  where it was allowed t o  cure.  
drawn off  from the  bin by b e l t  conveyor and del ivered t o  the ag i t a to r ,  
a 30 inch by 4 foot  rubber covered tank with a 10 inch rubber covered 
mild s t e e l  impeller. Pulp from t he  a g i t a t o r  was f i l t e r e d  d i r e c t l y  on 
two 4 f o o t  diameter Bee Tee t i l t i n g  f i l ters .  
was pumped t o  storage f o r  use i n  ion-exchange t e s t  work. 

After  curing, the ore was 

Solut ion from the f i l t e rs  
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On t es t s  where pugging and curing was used, agi ta t ion was done batchwise. 
This occurred because the material i n  the cure bin s e t  up so completely that  
bottom discharge was impossible. 
be broken up by bars and then shoveled in to  the agi ta tor  tank by hand. 

, 

In  several instances, the material had t o  

The pilot  plant was modified further t o  allow aqueous leaching, both 
continuous and batchwise. 
means of steam t o  achieve temperatures required i n  hot acid leaching. 
After the campaign on pugging and curing was completed, hot acid leach 
testing was started varying the amounts of acid, contact time, and 
temperatures. 
followed the optimum conditions tha t  were found i n  the laboratory bench 
work. 

Two continuous leach t e s t s  were performed i n  the p i lo t  plant feeding 6 tons 
of ore every 24 hours. 
failure of agitator blades forced a shutdown. 

Heat could be added t o  the agi ta tor  tanks by 

, 

In general, hot acid leaching practice i n  the p i lo t  plant 

These t e s t s  were inconclusive however, as mechanical 

The above discussion deals with p i lo t  plant practice in a general way only. 
Specific mention of t e s t  resul ts  would be cumbersome and since ion-exchange 
t e s t  work was not t i ed  into p i l o t  plant recovery, any results presented 
would have ' l l t t l e  meaning. This brief outline has been included t o  indicate 
the source of l iquors  used f o r  ion-exchange tes t ing  i n  the two-inch columns. 
The Caligher Company was for a time performing p i lo t  plant t e s t s  t o  secure 
data for the proposed operating plant. 
t h e i r  eatisfaction, the p i l o t  plant was placed on intermittent operation 
and used =rely t o  supply liquor f o r  ion-exchange tes t ing  when the need arose. 

When t h i s  work was completed t o  

It may be stated that  the Galigher Company found that a l l  ores responded 
i n  the pilot  plant as bench work indicated it would. 
diff icul t ies  encountered i n  pugging and curing large amounts of ore (2 t o  
5 tons) and the fai lure  of rubber covered agi ta tor  blades due t o  cuts 
cawed by tramp materials i n  the pulp, p i lo t  plant operation and recovery 
w a s  satisfactory. 

Aside from mechanical 
, 

C. Ion-Exchange Test Work 

A standard four column, two inch diameter ion-exchange uni t  was instal led 
t o  t r ea t  the acid leach liquors produced i n  the Galigher Company p i lo t  
plant 0 

Each column contained 1.5 l i t e r s  of Amberlite IRA-400 resin.  
could be operated with e i ther  two or three columns i n  ser ies  on the loading 
cycle and the remaining one or two columns on the elut ion cycle. 

Tbe columns 

A 3/8-inch Ecco pump was used t o  t ransfer  liquor from storage through the 
columns. 
maintained so tha t  no damage was done'to the valves o r  columns. 
drip'sampler was placed i n  the barren l ine  from the columns i n  order t o  obtain 
a barren composite sample. 

Recirculation t o  the storage tank allowed pressure control t o  be 
A continuous 
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The eluting solution flow was by gravity feed. Makeup eluant was 
pumped up t o  elution storage by evacuation of the storage bot t le .  
Water was supplied t o  the columns through a pressure regulator valve 
se t  a t  5 p.s.1.g. 

Leach liquor from the pi lot  plant was transferred t o  a 4 foot rubber 
lined tank with an attached agitator f o r  pH adjustment. 
precipitated gypsum set t led out  the liquor was transferred t o  another 
4 foot tank fo r  storage, 
for part of the t e s t  work program but i f  carewas exercised when drawing 
out the l iquor ,  no f i l t e r  was needed. 

After the 

A sand f i l t e r  was used t o  c l a r i fy  the liquor 

Precipitation of the eluate was carried out i n  an earthenware crock 
using anhydrous amonla. 
Buchner funnels a f te r  first se t t l i ng  and drawing off c lear  barren eluate.  
Calcination of the product was done i n  an oil f i r ed  muffle furnace. The 
f ina l  product was weighed, assayed and reserved fo r  accountability. 

D. Operation of the Columns 

hro  columns were operated i n  ser ies  t o  the cutoff point on the  exhaustion 
cycle. 
which the effluent from the second column contained from 2 t o  34 of the 
uranium i n  the feed liquor. 
in series on exhaustion before cutoff was reached. I n  normal operation 
a retention t i m e  is  selected such tha t  the f i r s t  column reaches saturation 
when the second column reaches the cutoff point. 

The yellow cake product was f i l t e r e d  on 

This  cutoff point was arbitrari ly designated as the point a t  

A s  a safety factor  a th i rd  column was put 

During the exhaustion cycle, the specified flow r a t e  was maintained by 
means of a flowmeter. 
t-, which, with 1500 nil of res in  per column, corresponded t o  a flow of 200 
rnl per minute. With liquors containing from 1.0 t o  1.4 g U3O8/L cycle t-6 
for  exhaustion were of the order of 7 t o  8 hours. 

Most of the work was done a t  a 3.0 minute retention 

As a general rule, exhaustion retention time was dictated by three factors. 
These were: (1) The head analysis of the feed liquor; (2) Elution 
r a t e  and t o t a l  elution t i n r e ,  including column preparation; and (3 )  
loadings. Most of the l i q u o r  w a s  passed through the columns at 3.0 minute 
retention time. 
liquors diluted 3.0 t o  1, w i t h  a U308 content of from 1.0 t o  1.4 grams per 
l i t e r  , 

Resin 

T h i s  resulted i n  cycle times of about 7 t o  8 hours w i t h  

I n  actual plant practice, the exhaustion cycle would be run on a time 
basis. 
more than that required t o  reach cut-off and on the average, loading would 
go t o  saturation i n  the f i r s t  column. The th i rd  or  scavenger column would 
take care of any variations i n  loading and would maintain recovery. 

The length of time selected for loading would be something s l igh t ly  
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V. TEST WORK 

A. Carbonate Leach Tailings 

The two-inch unit was operated on acid leach liquors produced from 
pugging and curing carbonate leach t a i l i ngs  from July 9 t o  August 28, 
1953 

Five different batches of solution were drawn off for column test ing.  
Each batch was a mixture of p i lo t  plant l iquors from any one tes t ing  
program. Liquors fromthe p i lo t  plant were neutralized with 1% to 
@ 1.5. After neutralization, 
precipitated gypsum was allowed t o  s e t t l e  and solution was decanted 
through a sand f i l t e r  t o  IX storage. Solutions used and assays are 
presented in  Table I. 
either by neutralization or reduction. 

Original pH varied from 0.4 t o  1.0. 

Designator "A" or "€3" indicates t reated solution, 

TABLE I 

Tailings Leach Liquors used in Ix Plant 

Head 

NO 

4 
5 
5A 
6 
6 A  
6B 
7 
7A 
8 
aA 

- u3°8 

. 711 . 64 
0 65 
0 75 
0 58 
0 50 
053 
51 

0 53 
0 52 

- '2'5 
4.30 
- 
3.81 
3.81 
4.22 
4.02 
4.02 
3.91 
3.91 
3.91 
4.03 

Assay g/l 

so4 

150.3 
140 . 9 
125 .3 
93.4 
71.6 
71.6 
83.5 
76.4 
83.5 
75 .9 

- 

Heads 4 and 5 were produced from high-acid runs in  the  p i lo t  plant. 
Head 6 was produced with less acid and sodium chlorate. 
8 were produced from f luos i l ica te  pugs w i t h  lower amounts of acid. 

Heads 7 and 

A l l  solutions t reated were loaded t o  25 gms. per l i t e r  of r e s in  or 
better. 
within 8 t o  10 column v o l u s .  
including bleed. 
with NH4Cl and H C 1  t o  @ 1.0. 

Final product analysis f o r  a composite sample fromthe runs on tailings 
are presented i n  Table 11. 

Elution of the loaded columns was sat isfactory and complete 
Various eluate make up schemes were t r ied,  

The best  was a 10 t o  20 percent bleed, followed by makeup 

. 
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TABLE I1 

Final Product from Tailings Liquor 

Assay, percent 

Fe - c1- S' cu P205 - y 8  '2'5 - - - 
90.71 . 40 tr <. 05 (-05 1.65 2.70 

Uranium balance f o r  the cycles completed on Tailings liquor I s  shown in 
Table 111. No attempt was made t o  balance l iquors as received from the 
Galigher Compw, as  excess liquors, along with the se t t l ed  gypsum were 
sent t o  tails. 

TABLE I11 

M Plant Balance - Tailings Liquor 

U308 Feed t o  IX Columns 1063.0 p e s l ~  
U308 Contained i n  Backwash 1.0 

34.8 
U 08 Absorbed by Colms 1027.2 grams 
$08 Contained i n  Eluates 1006.2 

21.0 grams 

U308 Contained i n  Column Effluent 

308 Unaccountable - (Recycle, etc.)  

Tailings liquor as produced in the p i lo t  plant WBS neutralized with 
fresh, high lim ore from stockpile 16, and the resul t ing liquor was 
tested i n  small columns. 
treated t h i s  way. 
16 ore, reduced t o  -390 m with iron, and diluted 50 percent. 

Table N shows the assay values of a l iquor 
The pug liquor was adjusted t o  $H 2.2 using stockpile 

TABLE TV 

Liquor Neutralized with H i g h  Lime Ore 

Assay, g;ll 
c 1  PH - -  Fe so4 - - V205 - u3°6 - 

Original Pug Liquor 0.29 3.04 11.1 152.0 1.97 0.4 
*Neutralized Liquor 1.14 2.85 10.0 93.1 ---- 2.2 

*Extraction from stockpile 16 was 85 percent. 

Ion-exchange of t h i s  liquor 
breakthrough loading of 27.L ng./ml. and saturat ion loading of 57.7 n!g./ml. 

When retention tw uas increased t o  6 minutes, breakthrough loading 
increased t o  41.0 mg./ml. and saturation loading t o  70 mg./ml. 

a t  3 minutes retention t i m e ,  resulted in a 
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As teetvork progressed on tail ings liquor, a definite trend showed that 
loedinge were dependent on the sulfate t o  uranium ion ratio.  
illustrated in Table V. 

This i s  

TABU V 

Resin Loadings vs . Sulfate : Uranium R a t i o  

. .  

2 4  
1 6  
1 -B 
2 -B 
2 6  
3 -B 
3 4  
4 6  

146 
146 
146 
610 
88 
88 
02 
02 

4-B ; 97 
162 
286 

5 6  
5 -B 
6 6  ' 141 
7 4  268 

- FH 
0.7 
1.5 
1.0 
1.6 
1.7 
1.8 
2.2 
202 

1.0 
104 
1.1 
2.3 
1.0 

IRA 400 Resin 

Loadings 

Breakthru Saturation Renmrks 
mg. u ~ o ~ / ~ I .  w.8.r. 

5.0 
11.6 
3 00 
5 00 

50.0 
59.0 
27.4 
41.0 

1 5  07 
15.6 
4.3 

15 .o 
4.8 

emf= -350 m. 
emf'= -350 mv. 
not reduced 
not reduced 
emf= -420 we 
emf- -390 m. 

except double 
retention ti= 
emf= -420 me 
not reduced 
not reduced , 

not reduced 
not reduced 

S- 8s 3-A 

The t e s t s  Shawn in Table V were made on a variety of liquors. 
lnterestlng t o  note that the highest loadings were obtained on liquors 
where the  sulfate t o  uranium ration was below 100. 
were obtained when the ra t io  went t o  150 i f  the pH were also raised 
a b m  1.5. 

It is 

Acceptable loadings 

Be Stockpile 28 - Utex Ores 

1. Bench scale leach testing 

Preliminary testing of the ore was confined t o  aqueous leaching 
and pugging of the ore, w i t h  varying amounts of sulfuric acid, oxidants, 
an8 other reagents. 
calcium carbonate, testing a t  Monticello was confined t o  acid leaching. 

Utex ore from the M i  Vida claim is a fine-grained uranium bearing sandstone. 
Varioua samples were taken f r o m  the stockpile at  Monticello and from 
sample rejects from the American Smelting and Refining Company sampling 
p l a t  a t  Monticello. 

Since the ore contained a high percentage of 
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In  general, samples of the ore analyzed as follows: 

&'2'5 kcdo3 5'3'8 --- -Y 

.38 - 057 -75 - 1.25 12.0 - 17.0 
According t o  the U. So Bureau of Mines*, mfcroscopie examination of the 
ore shows the main constituents t o  be quartz, clays, and calci te .  
amounts of pyrite,  galena, and asphaltic material are present. 
u ran ium is present a3 carnotite m d  uraninite, ralmoat evenly divided. 
Evans states, "Llberatjon of a large proportion of the carnotite wfll 
require grinding the ore t o  pass a 150 e s h  screen, but considerably 
f iner  grinding TO slim s izes  wfll be required t o  f ree  the manbite 
from the clay." 

Sm11 
The 

Analyses of a l l  head samples encountered and used in the test  work prpogpm 
a t  Monticello are presented i n  Table VI, shown below. Preliminary t e s t ing  
was done with Head number V I ,  which consis'ted of a sample taken *om 
moisture regecta from the mmple p lan t .  

TABU VI 

Head 
NO - 

Head Analyses - Utex Ore Samples 

Assay, $ 
Use u308 ~ 2 0 5  c Z ~  wo ~ i . 0 ~  cu -- -- - - - - - 

1 Bench Testing .57 1.25 14.46 1065 68.47 .0~6 
3 pilot  P1.ant 0 37 

6 R l o t  Plant 0427 l o l l  -0 0- 0- 

.93 3.5083 M&O3 -- -D 

Bench Test lng .390 .75 17.67 3.22 66.80 -_ 
-0 

*4 

WThis sample was apLit three ways and duplicates were sent t o  USBM, 
S a l t  Lake and t o  Winchester, 

Results of pre1imfna.q aqueous leach tests are presented in Table V I I .  

V . M . E .  339- 
Uranium 0r.e 
Development 

.I, A . E . C .  211., Report of Microscopic Exadnation of a 
SLipped t o  Montlcello, U t a h ,  by the Wtex Mining and 
COIIAF~~LY. By L P W  G o  Evans, 8 July, 19530 ' 
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Test 
NO 

1 
2 
3 
4 

- 

m 0 -5 8 - 20 0 

TABLE V I 1  

Aqueous Leachfng of Stockpile 28 Ore - Head No. 1 

Conditions: .minus LO mesh ore 500 g chwge 
5 6  solids 
~ o o m  temperature 

3-1-50 m l  water washes 
Leach t a  - 4 hours 

Preg Liq  Wa5h L i p  Residue Recovery 

300 4.90 3.85 1.16 1.03 .125 e90 80.3 31.3 
350 4.64 3.89 1.16 1.06 .io8 .go 81.6 31.6 
400 4.90 4.28 1.12 .94 .079 -86 86,~ 34.2 
500 4.87 4.49 1.34 .95 .ogo .84 85.1 34.8 

* Pounds 106 acid. 

As indicated fPomthese tes ts ,  8 maximum recovery of u~anfum on anue 
10 naesh ore was obtained a t  b0 pounds of acid per ton. 
recovery was low on all tes ts .  
of tests using the so-called "pugging" technique was &eo 
of these tests are presented in  Table VIII. 

Vanadium 
To improve vanadium recovery, 8 series 

Resfits 

TABLE VI11 

hgging,  Curing and Agitation of Stockpile 28 Ore - Head No. 1 
Reagents Cure R e  eidue , Extract iono 

- u3°8 v$?05 __I u3°8 v2°5 
Test L b b  T h e ,  Agitation 8 L 
NO. H2S04 N a C 1 0 3  Hours T i n e  - - - 

P _  _- 5 -L 350 
6-L 350 
744 400 LO 
8-L 400 20 

400 0- 9-44 

1.0 
_- IO-L 500 

11 -L 500 
13 -L 500 D U  

16 40 min .087 .76 88.4 39.2 
40 Percolation- .092 .89 85.5 2B08 
23 40 min .047 .62 90.1 52.2 

.082 .44 87.1 68.8 
23 3 -  

.Ob5 .78 92.1 4309 
18s 4 . b  
18 4 h r  
18 4 h r  .085 .66 85.1 48.8 

4 days 4 h r  0023 e54 95.9 58.9 

-073 056 8608 56.2 

* Cured a t  13.5% u n t i l  dry. 
1000 ml water passed through ore bed twice, then cake washed. 

Pugging of the ore was done in en-1 ssnaple p w .  A sample of 1000 
gz%zn~ of the ore wa5 thoroughly mixed with 200 ml of water. 
added axld the ore was again thoroughly mixed. 
the ore wa8 covered and p r i o l i c a l l y  sprayed with water t o  keep it mist0 

Acid WELS 
During the cure period, 
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When the ore was allowed t o  dry conpletely, i t  s e t  up and was d i f f i cu l t  
t o  remove fromi the pana Agftat.lon of the cured miterial was a t  5 6  
Solid6 and room temperature Eclr the tlm specified. To the leach pulp, 
0.5 pounds of quartzc per ton vas a d d e d  pr ior  t o  filtration and the 
cake was washed with 3 kater washes and acidif ied t o  I?H 1.5 with 
sulfuric acid. Final MlutAon, including washes, was 2.5 to 1. 

Results of pugging and curing suggest tha t  an oxidant inproves extraction 
t o  some extent. 
necessary, or a short cure a t  m elevated temperatme is required. 
Fercolation of the mfnu 10 mst OR m€ght be pos6:fble from obsematfon 
of tes ts .  
and guartec, but settles qufte w e l l  w€th the addltion of g&ec. 

It is evident, also, t h a t  ei ther a long cure time is 

The ore fi1zers very poorly even w i t h  the  a d d i t k g  of glue 

Hot acid leaching of the ore was In i t ia ted  i n  August, 1953. 
t e s t  results are presented in Table TIX. 

PrelfmfnEcPy 

T.ABIE lX 

Aqueous hachlng - Stockpile 28 Ore - Bead No, 1 --- 
4 H o w  Leach .. 50$ Solids 

Leach Residue, Exkraction, 
Test Acid NaC103 Temp 4 $ 
No. Lb/T Lb/T OC 0708 V2O5 u3°8 - 
14-L 
15 -L 
16-~ 
17-~ 
19-L* 
20-L 
21 -LW 
22 -L 
24-L 

- . 031 
-025 
.027 . 022 . 027 
0 021 
.015 . 031 . 012 

-. . 60 
045 
048 . 40 
0 55 
0 43 . 48 . 64 
30 

- 
93.9 
96.3 
95.6 
96.4 
9505 
96.5 
97.7 
9 k 6  
97.6 

- 
53 02 
65 -2 
66,4 
69.6 
59.5 
68.5 
69.2 
50.0 
76 . 0- 

*Leach diluted to 2.5 to 1 prior  t o  filtering 
*West 21-L leached 8 hours 

q e c o v e r y  based on head and residue assay 

It might be noted here that a l l  t e s t s  up through 22-L were eaqlete 
tes ts ,  including assay of leach and wash 1.iquors . 
figures given f o r  these t e s t s  are actusl ly  "recovery" figures, based 
on a calculated head assay. 
on an "extractfon" baS3f3, using head and residue assays. 

"Ext;raction" 

Tests subsequent t o  22-L were calculated 

Resfits of these prellninary tests P l i B  6 0 1 ~  p r e l f d w y  tesefng by 
the Galigher Company, l e d  tc a jo in t  Investigation in to  BO= of the 
variables encountered. 
4, which was also the sample sent  t o  other laboratorlest. 

T k s e  t e s tx  were male wing H e a d  Sample number 
Results of 
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these tests were preseatsd in letters f x a  H .  A John6on to John L. 
Chapman dated October 30 and I k c e g t ~ r  1.1 
covered hot acid and atjueouk~ leaching. The puzgbg md curing W O P ~  

wa8 being handled by the bmzau cf M!aes a% thst time. 

1953. This t e s t  work 

Test results are presented in Tables X thrcupb XVI. 
given are for ~taniis cf 9 6  asid. 

A c i d  amur&$ 
*&notes Gali&er Company tests. 

TABLE X 

25 -L 400 82.0 42.6 

5 7 3  700 98.2 69.3 ( o p t i m  u30$ 
3.5 72 eo0 97.9 78.7 

2 6 - ~  90.5 56.0 
*j74 600 5c0 94.4 64,O 

TAB'LE XI 

Ex trae t 1 on, 

3615 1..5 05.6 49.3 
*575 3.0 93.1. 6607 

1 5 9 0 ~ ~  9.0 96.4 77.3 
*578 12.0 96.7 62.7 

6576 6.0 47.7 72.0 ( O S t i ~ n a n  U3O8) 

k 61€ 2G.0 93.6 62.7 
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I ' .  

b. E-.. , 

TABLE XII:I 

Extraction, 
Density 
4 Solids 

30 
35 
40 
45 
50 
55 
60 
65 

I 
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TABLE XM 
I .  

Variable -- - Agitatfcn Termeratwe 

I -  

Ewtroc;tioar, 

ui08 \re05 
T a r t  NaC103 A--.-. 

*573 none 98.2 69.3 ( O p t b u m  U30F) 
~610 5 9702 77.4 
*611 10 9'7.4 65.3 
4 612 1.5 9704 82.7 
613 26 96.4 77.4 

I _ -  

No. LbfT - 

I ' -  

.. -a U .  

. '* . . , . .  - . .  1 ; :  .: . . .  
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After study, optimum condf.tiom for sc€d leachfw stockpile 28 ore were 
from the preced lq  series of' testa.  !These corditions are: 

acid - TOO pomds per ton 
agftation tfmz - 12 hours 
grind - minu6 16 msh 
density - 5 6  s o l i d s  
temperature - 8j°C . 

Five tests were run using the abuse conditions. 
In Table XVII. 

Results are psetsented 

TABLE XVlI 

Ogtfnum Leach Ccn3ftfon Tests 
--_I_-- 

Residue, $ Soluble Extraction, 
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Test 
No 

-. 

45L 
4 6 ~  
44L 
48L 
47L 
49L 

H2SO 
Lb/T 

L2 .035 .26 5)x.O 65.4 
12 .OM? .17 96.9 7'7.k 
6 .008 .05 98.0 93.4 
6 .007 .og g8.2 88.0 
11 .oo8 .12 98.0 $boo 
32 .008 .Oj 98.0 93.4 
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Head 
NO o 

9 
9A 

1OA 
1lA 
1% 
13 
14A 
15A 
1 6 A  
17A 
18A 
19A 
2QA 
2l.A 
22A 
2 3  
24A 
2% 
26A 
27A 
28A 
29A 
3m 
3= 
3% 
34A 
35A 
3% 
3% 
3&3 37 
38 

I 

I '. 
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Each of the two-inch columns contained i5OO ml of w e t  s e t t l ed  IRA-400 
resin. 
for  10 resin cycles (40 loading cycles) on t e s t  work w i t h  t a i l ings  leach 
liquor prior t o  the t i m e  Utex l iquor was fed t o  the units. 
tail ings liquor, an oxidized solutfoc was r m  through the  columns and 
vanadium loaded on the resin. 
l iquor  the res in  was cleaned w i t h  SO2 and NaOH. 
again iefore use on lftex liquors. 
completed on the coluums when Utex Etudiee were started. 

This res in  was new when placed in the columns but had been used 

While tes t ing  

A t  the end of 4 resin cycles on tailings 
The res in  w a s  not cleaned 

SIX res in  cycles had therefore been 

Preliminary ion-exchange work was done i n  m u l l ,  25 ml single colurmrs. 
This data indicated tha t  Utex l iquor would require a retent ion time of 
about 3 minutes and should have a pH value of 1-5. In actual  practice 
in the two-inch units, retention tfrms of from 3 t o  6 minutes and liquor 
a t  a pH of from 1.4 t o  1.8 were used. When the pH value of the  feed 
l iquor  was below 1.4, breakthrough occEred.much faster and as a resu l t ,  
saturation of the f irst  column was not obtained, The same condition 
appeared when the pH value rose above lei'. 
recoveries and loadings appeared t o  remain cons tmts  

The relationship between retent ion t i m e ,  cycle ti= and resin loading 
wa8 studied on an ear ly  run using IX Head 9A. This head was produced 
by pugging and agi ta t ion and had a f i n a l  di lut ion of 2.5 t o  1. 
was somewhat higher grade than the average solutions run i n  the unit 
as l a t e r  work used l iquors at  a d i lu t ion  of 3.0 t o  1 t o  simulate practice 
in  e i ther  RIP or CCD. 

Retention times of 3, 5 and 6 minutes were used on t h f s  liquor, 
in loading were slight, but noticeable. 
t o  reach cutoff)  was about 8.5 hours a t  6 minutes retention ti=; about 
7.5 hours a t  5 minutes; and about 4.2 hours a t  3 mfnutes. 
retention ti= was held near 12 minutes and the t o t a l  time required for 
elution, backwash, displacerent, etc., was about 7.0 hours, a 5 minute 
retention t i m e  was selected f o r  t h i s  head, 
per day. The relationship between retention t i n r e ,  loadings, and resin 
cycle ti= is i l l u s t r a t ed  in Table XXI. 

Within thesse limits, 
. 

It 

Differences 
Cycle t i m e  (the time required 

Because elutfon 

This allowed three cycles 

TABLE XXI 

Retention Time vs. Resin Loadfn~s 

Cycles /cu. ?t: 
~r Day /Day 

Retention 
Time, Min 

--L- 

60 3.75 5 07 21.5 
13.6 

3 
5 €8 4.25 3.2 
6 65 4.06 2.8 11.4 
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3 .  Exhauston Data . 
A uranium balance for cycles  completed through 20 A p r i l  1954 is 

presented in  Table XXII. 
from Stockpile 28 p i l o t  p lan t  leaches and comprises 62 1/2 complete 
resin cycles (250 loading cycles) .  

This balance lncludes a l l  liquors fed t o  M 

TABLE XXII 

IX Plant Balance - Utex Liquors - 

Lb Dlst 
Product Gall ons '3'8 . '3'8 
Feed t o  Columns 4,661.64 52.996 ioo.oo 
Column Effluent 4,661 . 64 100 19 
Absorbed by Columns 52.896 99.81 
Eluates 845.11 51.316 96.83 
Unaccountable (Recycle, Backwash, etc.  ) 1.680 3.17 

Data for  the cycles reported i n  the balance is presented in Table 
XXIII. These figures represent the overa l l  average of a l l  cycles 
and l iquors run in the two-inch unit pertaining t o  Utex O r e .  
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TABLE XXIII 

Data f o r  Resin Cycles 1.E t o  7 3  

Utex Liquor Run - September 

Exhaustion 

1953 t o  Apri l  

1.4 t o  1.8 
370 t o  -400 
1.36 
coao  2.8 

1954 

Flow : 

Loading: 

L i t e r e  Throughout - 17,646 

Retention Time, Min- 3.3 

Average No. 1 Column t o  Saturation - 

Time, Hours - 1609.1 

61.8 g u308/L WsR 
3.86 l b  U308/cu. Ft. 

- 24,039.1 - 45.46 - 0.19 

Barren: Input, g u308 
U308 i n  Barren, g 
u308 i n  Barren, 6 
Ave. Barren Comp. Assay, g U308/L - 0.0026 

Recovery from Solution: 99.814 

Flow : 

E l u a t e  : 

Elution 

L i t e r s  t o  Precipitation - 3,199.1 
T i = ,  Hours - 1,102.8 
Retention Tinre, Min, Am. - 12.4 

Assay, g U O8/L, Ave. - 7.28 
g U308/L E 4 uted - 23,2neo 
Assay, Final E l u a t e ,  Am. - c.a. 0.15 g U308/L 
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TABLE XXIV 

IX Plant Balance - Uter Liquors 

September 14, 1953 t o  June 7, 1954 

I 

Product 
Lb o 46 
u3°8 - u3°8 Gallons - 

Feed t o  Columns 5,396.04 60 . 523 100,oo 
Column Effluent 5,396004 . 113 0.19 

Eluates 947 . 18 57 .‘914 95.87 
Absorbed by Columns 60 . 410 99.81 

Unaccountable (Recycle, Backwash, e t c  . ) 2 .496 4.12 

Data for the cycles reported i n  the balance i s  presented in Table XXV. 
These figures are the overall  average of a l l  cycles and liquors run 
In the unit pertaining t o  Utex ore. 

TABU XXV 

Data f o r  Resin Cycles 1OC t o  79D 

Utex Liquor R u n  - September 1953 t o  June 1954 

Exhaustion 

Head Solution: pH = 1.4 to 1.8 
emf =: -370 t o  -400 
gms./liter u308’ 1.34 

I1 ~2051 ca. 2.8 

Flow : 

Loading: 

Barren: 

Li ters  Thruput = 20,426.4 

Retention t i m e ,  Minutes = 3.24 
Time, Hours = 1,841.1 

Average No. 1 Column t o  Saturation = 
63.0 u308/L. W o S o r o  

3.94 lbOu308/CU. f i e  

Input, grams U308 = 27,453.4 
U 08 i n  Barren, grams 
408 i n  Barren, percent 
Avg. Barren comp. Assay, g.U308/Lo= 

51.24 
0.19 
0 . 0025 

I 

= 

Recovery from Solution: 99.81 percent . 
Elution 

Flow : Liters  t o  Precipitation = 3,585.5 
Time, Hours = 1,23307 
Retention Tim, Minutes, Avg. = 12.4 

Crams 11308 Eluted 
Assay, Final Eluate, Avg. 

Assay, @./liter U308, Avg. = 7.33 
~26,269 . 8 Eluate : 

= ca. 0.15 go u~o~/L. 
.( . ” .. 
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Two complete res in  cleanups with caustic were made during the run on 
R e x  ore and one mfnor cleanup was made when elution d i f f i cu l t i e s  were 
encountered. 
72. 
of cycle 24, the cleanup was made then t o  determine whether there were 
any contaminants on the resin.  So= of the contaminants were probably 
due t o  t a i l i ngs  liquor that; was run before the Utex liquor. 

The complete cleanups were made a t  the end of cycles 24 agd 
Although loadings had not shown any appreciable decrease a t  the end 

The cleanup a t  the end of cycle 24 was done by passing 5 l i ters  of fresh, 
lC$ sodium hydroxide through each column a f t e r  f irst  washing w i t h  water 
u n t i l  a neutral  pH was reached. This was followed by 2.5 l i ters of 1.0 
mlar chloride (as NaC1) and 1.5 l i t e r s  of 16 hydrochloric acid. 
caustic sol.ution was assayed and resu l t s  are shown in  Table XXVI. 

The 

TABLE XINI 

Caustic Cleanup of Resin After 24 Cycles 
, 

NaOH Eluate Assay, g/L 

B .138 .16 .81 .24 . 005 32 
C .172 .i5 . 82 .24 .006 0 30 
D . n o  .16 .68 0 25 005 020 , 

The caustic analyses indicate t h a t  some uranium had not been eluted from 
the  res in  and was probably complexed with the phosphate which was also 
removed. 
t o  3 . 1  grams per l i t e r  of wet se t t led  resin. 
loading, it had not affected uranium loading prior t o  the cleanup. 
ions removed were i n  minor amounts and had apparently l i t t l e  e f f ec t  on 
uranium loadings . 

Molybdenum was present on the res in  t o  the extent of from 2.3 
While this i s  a v is ib le  

Other 

Strong (1.0 Molar) hydrochloric acid was used t o  clean the res in  a f t e r  
cycles 62 and 64. 

A t  the end of Cycle 72, the  res in  was again cleaned with caustic,  Resin 
losses were made up and the res in  was t reated w i t h  n i t r i c  acid t o  remove 
organic matter. 
cycle 24 except t h a t  the n i t r a t e  wash was given the r e s in  before conversion 
back b t h e  chloride form. 
XXVII . 

This cleanup was accomplished similarly t o  the one after 

Results of t h i s  cleanup are  presented in  Table 
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Caustic Cleanup of Resin a f t e r  72 Cycles 
I----I- 

V c l  NaOH Eluate Assay, Mo 
g/L Total Loading 

Eij 02 g Mo g/L WSF4 - - C o l i m  NaCH Mo p205 - I - 
*A 9.5 3013 049 .4 29.75 19.8 
*B 9.5 3.12 -53 01 29.60 19.7 

(2 5.7 1.7 053 1.2 9069 6.11 
D 5.3 4.1 * 44 e 2  21.73 15.1 

*A. m d  B columns retreated with caustic, 
assay is a-Jerage value. 

Results of the secor' - . v s t i c  cleanup show t h a t  molybdenum was building 
up on the  resin. 
a l i t t l e  more than 0.5 gram of molybdenum was loaded per cycle. 
i s  substantially all of the molybdenum present i n  Utex Liquor. Feed 
analysis shows mlybdenum present i n  amounts from 0.02 t o  0.06 grams 
per l i te r .  
ipdfcate tha t  this molybdenm loading was t o t a l l y  responsible f o r  the 
emall drop i n  loading tha t  was noticed pr ior  t o  the second cleanup. 
Loadings had droppi?d from the average of 60 t o  65 grams per l i t e r  of 
res in  t o  50 t o  55 grams per l i t e r  Just  prior t o  the cleanup. 
sulfate  e lut ing solution being used a t  the time was believed responsible 
f o r  t h i s  drop but it may havz been the molybdenum loaded on the r e s in  
that caused SOB of the decrease. 

TI, the 118 cycler; completed between the two cleanups, 
This 

Observation of the columns and resu l t s  on exhaustion do not 

The high 

' Resent  tes t ing  i s  being carried out u t i l i z ing  l iquors made by aqueous. 
Cycles completed t o  date' show excellent leaching a t  room temwrature. 

loadings and no indication of molybdenum buildup. 
of the res in  is required t o  remove molybdenum, it should not have t o  
be done more than twice a year. This cleaning would not a f fec t  ion- 
exchange costs t o  any extent. 

If periodic cleaning 

E a r l y  elut ion practice a t  Montieello was limited t o  standard 
elut ing solutions and techniques. 
schemes were tried In  an effort t o  lower costs and increase efficiency. 
These general types of e lut ing solution were used. 

As work progressed, various elut ing 

These were: 

1. 
2. 
3. 

0.gM NHhCl - 0.l.M HC1, recycled with H C l  makeup. 
1.0E NaC1 acidifTed t o  @I 1.0 with H#O4., no recycle. 
0.9i1 NE14Cl - O . l M . . . K l ,  recycled w i t h  H C 1  mal.eup and acidified 
t o  3 1.9 vPth H$Ok. 

The bulk of the elut ion studies was carried out with the th i rd  type of 
solution . 

.. . . .  . .. . 
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A s  the e l u t e  was recycled s2cording t o  achere number 3, the  sulfate ion 
eoncentraticn 1ncrease.i. A bleed wad planned to eliminate su l f a t e  ion 
buildup when and if eluslcin efficiency droppod. However, instead of the 
expected Gr.op, ef f l  ~ le r ,= ;y  aztuslly fnzraased w.9 t h  continued recycle and 
no bleed wfiti required.. 
increase t o  over  300 grcFlts per l i t e r .  

Ttie sulfate ion concentration was allowed t o  

Elution of the COSUEIIIS using O.gM NH4Cl - 0.W H C 1  was f a s t  and complete 
as shown by %ne klutlon c w o e  fo7 column l lB ,T igure  3. 
complete i n  a little over 10 column volumes. 
been used t o  advantagt. a t  l b n t l c e l i o  t o  lower e lu t ion  costs .  
not done because 1oa.litei; %Ere cf prlm In t e re s t  and it was believed that 
the data w o d d  be =re r e l i ab le  i f  se r lea  o r  s p l i t  e lu t ion  were used. 

Elution was 

It Was 
S p l i t  e lu t ion  could have 

Elution using 1.0 mlar NaCl acidified t o  pH 1-0 with su l fu r i c  acid followed 
the curve shown ~ G T .  ammonium chlorjde elut ion.  
it may be adwfaablt t o  ube NaCl e lu t ing  solut ion but t he  f i n a l  product W i l l ,  
be of a loolcr graae than when ammonium salts are used. 
from anmronjum chloride e lua tes  averaged 94.5% U308. 
from sodium. ihlorlde eIbi i t t6  averaged 71.54 U3O8. 

After t e s t  work on tohe sodlum chloride eluate was complete, a progPam of 
recycle of 0.9M NE4Cl . 0.1M H C 1  e lu t ing  solutions was s t a r t ed ,  A short  
h i s tory  of tliig prog~am wily a id  i n  c la r i fy ing  t h i s  technique. 

From a cost  standpoint, 

Calcined product 
Calcined product 

On 26 October 1953, 40 l j t e r s  of O.gM NEtqCl - 0.lM H C 1  e lu t ing  solut ion 
were made up. 
used six times as a straight.  NH4Cl  - H C l  solution, i .e.,  makeup H C 1  Was 
added t o  bring chloride ion strength t o  1.0 molar. 
21A and 2lB, precipitatdon and makeup, the  pH of the made-up eluant was 
1.35. 
su l fu r i c  acid was added to the made-up eluant t o  bring the  pH t o  1.0, 
where I t  had been when the solut ion was f resh ly  prepared.. This batch 
of solution was used t ~ i c o  up through cycle 22B. 

This solut ion was use3 t o  e lu t e  cyFlee 18C t o  20D. It was 

After  e lu t ing  cycles 

Since eluate  volunies had been Increasing from cycles 18C and 2D, 

A t  t h i s  point, on 6 November, 1953, 40 l i t e r s  of f r e sh  NH4Cl  - H C 1  eluant 
Was prepared. 
having made -up eluant on hard f o r  e l u t  lono 

Cycles 22C arid 22D were eluted with made-up solut ion (or ig ina l  26 October 
solut ion) .  F rom 
t h i s  point on until l a t e  i n  November, these solutions were admixed and 
used as one 80 l i t e r  l o t  of eluant.  Sulfur ic  acid w a s  added as necessaq  
t o  maintain eluant  pH a t  1.0 after first making up chloride strength with 

This was done t o  assure continuous operation by always 

Cycles 23A and 23B were eluted w i t h  the f r e sh  solution. 

H C 1  e 
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On 30 November 1953, it was evident t ha t  e lua te  volumes were decresing 
subs tan t ia l ly .  Cycle 29B e lua te  was the first one checked f o r  s u l f a t e  
ion  concentration, A s u l f a t e  concentration of 86.4 grams per l i t e r  was 
present a t  t h a t  time. 
et that  t i m e  had been recycled a t o t a l  of 13 times. 
e l u t i o n  storage b o t t l e  f rac tured  and about 20 l i t e r s  of so lu t ion  were 
l o s t ,  
through r e s i n  cycle 64, which was run during March, 1954. 

As of cycle 64, the el.ut,ing solutfon had been used (recycled) about 50 
times and had been used f o r  a total .  of about 200 e l u t i o n  cycles. 

AB near as the records indicate ,  e lu t ing  so lu t ion  
A t  t h i s  tie, the 

The remainiag 60 l i t e rs  of e lu t ing  so lu t ion  were recycled UP 

The sulfate ion concentration of cycle 64 e luant  ( so lu t ion  made up t o  
e l u t e  cycle 64 columns) was 302 gTams per l i t e r .  
required f o r  cycle 64 averaged 7.0 column volumes per column. 

The e lua t e  void 

Reagents added t o  t h i s  e lu t ing  so lu t ion  during the period of i t s  use 
averaged 2.0 pounds of 36$ H C 1  and 3.0 pounds of 98% H2S04 per pound 
of uranium eluted.  
pound of anhydrous ammonia per pound of uranium precipi ta ted.  

Prec ip i tb t ion  required an average of about 0.7 

The r e l a t ionsh ip  between s u l f a t e  ion buildup i n  the e lu t ing  so lu t ion  
and e l u t i n g  e f f i c i ency  Is shown i n  Table XXVIII. 

, 

TABIE XXVIII 

c o l m  
Eluted 

l a A  
B 

2oc 
D 

21A 
C 

26A 
c 

2% 
D 

3OB 
Sm 
34B 
35B 
3% 
4 x  
4 5 D  
47c 
5oc 
5 b  
6 4 ~  

Elut ion - - Selected Cycles from 18 t o  64 -- 
Flow E l u a t e  ----- - 

Time, Retention Liters Fin. E l .  E l u a n t  
H O W 8  ThIE,  M n  t o  at g u30& g u30& g - -- -I-- 

11 00 18,s 4.50 -- O Y  

00 

5 07 
2.0 ' 5.4 26.4 4.58 e 2  
4.0 
4.0 
501 
5 00 
4.1 
4.7 
3.9 
3.7 
cc.3 
308 
4.1 
3.8 
4.1 
4.0 
4 .c: 
4.0 00 
.3.25 
4 000 
4.50 

609 
7.2 
9.4 
11.5 
10.5 
4 99 
9 Q? 
9 09 

13 .o 
10.8 
1.2 0 4 
13  .o 
1.2 3 
1.3 0 s 
13.2 
15 00 
3.2.2 
13 07 
15 00 

21.0 
20.0 
19.5 
18.5 
1.4 .O 
17 .o 
14.5 
1-3.3 
13 .o 
11.5 
1108 
10.6 
10.2 
1.0.7 
1.0 0 g 
908 
9.6 
100s 
:LO 8 

4.30 
4.24 
4.63 
4.5 
6.03 
4,85 
6.92 
7.33 
7.63 
8.90 
9.43 

10 0 82 
8.75 
9.46 
9.43 
9.01 
9.16 
8. jO 
6.16 

O Y  

P O  

0 0  

PO 

."P 

- Y  

* 86.4 

*111 e 1 
It  

165 -9 
~183.1 
206 6 
214 8 
224.7 
234.2 
245 07 
286 4 
302 1 
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These data show that  the eluate v o l m  decreased as the sulfate  ion 
conceR3Tition cf tile elufmt. increased, 
su l fa te  ion ccncentration reactcd 150 t o  175 grams per l i t e r  and 
continued ~ctil the  concentration reached over 300 grams per l i ter .  
There is a p o s s i b l l i t y  that the plateau extends t o  concentrations 
greater than 3G.j g~?s of sulfate per l i t e r .  

It m y  be seen f;.m Table XXVIII tha t  the volune of eluant required 
f o r  complet,e elution &creased from 18.5 l i t e r s  when the solution was 
new t o  10.0 t o  lloO l i t e r s  xhen the  sulfate  coacentration was about 
165 g r w  per l i t e r ,  Eluate volumes f o r  cycle 20 were increased t o  
21.0 lfterti,  prdbably due t o  a s l igh t  buildup i n  sulfate  ion 
c oncentra t f oa 

A plateau was reached when 

As far as elution I s  concerned, there i s  no indication t h a t  a bufldup 
of sulfate ICA concentration beyond 300 grams per l i t e r  i s  harmful. 
Elution of c o l ~ ~ . ;  at cycle 64 was as good as  a t  cycle 34 or  35. 
However, r ecm loadings h& dropped about 154 from cycles 53 t o  62. 
To determine thz c m s e  of thls drop, the resin was eluted w i t h  1.0 
molar HCL at; thc  end of cycle 62, Before e h t i o n  w i t h  HC1, the res in  
was remved f r c a  tbe c o 1 m s ,  washed by dzcantation, screened through 
a 16 msh s c r e a ,  a n 6  masured before returning t o  the colunms. Data 
for  t h i s  resin cleanup &re presented in Table XXIX. 

TABLE: XXM 

H C l  Resia Cleanup a f t e r  62 Cycles ----- 
HC1. Eluste Sulfate Resin 

R e  e ove red €5 Gms 0 Loading 
Li ters  Sulfate Sulfate g/L WSR 

---- - 
--- -- - Column nil. WSR ---- ----I-_-- 

A "1350 5 02 19.0 98.5 73.0 
B 1380 5 04 10.0 54.0 39.0 
C 1330 5 02 9.9 51.6 37.1 
D 1380 5 -0 9.8 49.2 35 07 

i c  1.500 ml. originally added t o  each column 

There was an insignificant amount of uzanium present i n  the  H C 1  eluate. 
After the cleanup, resin cbpacity went back t o  normal loadings of 
about 60 t o  65 gra- per liter of wet se t t led  res in  f o r  one cycle 
(cycle 63). 
Eluant used t o  e1Gt;e cycles 63 and 64 contained about 310 grams 
sulfate per liter. 

Loadings f o r  cycle 64 agaln dropped off and were e r r a t i c .  

A t  the aon;plet.io:L ct t '  cycle 6h9 res in  was again eluted w i t h  f resh 1.0 
molar H C 1  Wl.'t;b.  X'esiiLts s.imilar to those obtained a f t e r  cycle 62. 
Data f o r  %his cI%ditilIJ 8z-c presented i n  Tahle 

, ..- .... -.. 
. I  

! 
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TABU XXX 

b 

H C 1  Resin CleEtquu a f t e r  Cycle 64 

H C 1  Eluate Sulfate 
g/L P= Loading 
Sulfate Sulfate g WSR/L 

- 
--- Column Liters 

A 5 00 6 . 2  31.0 23.0 
B 10.3 37.4 385.0 279 0 
C 11.1 5 08 64.4 46.3 
D 5.e 7.7 75 05 54.7 

The high sulfate loading for colum "B" has been checked and app€?€U?6 
t o  be correct. 
take up more sulfate thaar the others e 

Thel-e I6 no explanation here as to why the Column should 

A 6ampl.e of'cycle 5 4  eluant was given t o  Mr. Dan McLean who took it 
t.0 the Bureau of Mint:., IC Salt Lake City f o r  analysis. 
t h a t  analysis are sho-m I n  Table xx)(I. 

Results of 

TABLE XXXI 

Cycle --- 54 E luan t  Analysis 

CaO MgO * g o 4  - 1 - 1  m3 - - - "4 - el 

35.7 279.6 65.0 02 03 31.8 

Since it was FOuSfble t h a t  the recycle eluant was responsible fo r  lowered 
res in  capacity, t he  recycled solution was reserved and fresh eluant made 
up, New e l u a t  was mdti up to the concentration of recycled eluant that 
gave the best resu l t s .  
molar i n  H C l ?  w i t h  sulfate  ion strength a t  150 grams per l i t e r  as ammonium 
sulfate .  
resul ts .  
keep the uulfatk eoncer'tratfon a t  near 150 grams per l i t e r .  
UP t o  65 grams U308 per l i t e r  of res in  and eluate volumes are  running about 
7.0 colum;i volunk~r) fc:. c o q l e t e  elution. 

Much work remins t.3 be dc.ne ori d 9 t e d n i n g  which factors  a f fec t  elution 
efficiency. 
contahing 150 gran?s of sulfate per l i t e r  is encouraging. Use of 
recycle solution on clean res in  m y  show whether the high sulfate 
concentration was responsible for decreased loadings or whether it VBB 
the  mlybdemim 1osdi~a.g~ or a pX change i n  the leach liquor resul t ing from 
a fau l ty  m-tez, *LA:, zeused the dzop i n  loadings. 

Solution was made up t o  0.9 molar i n  NH4C1, 0.1 

This eluting solution has been used since cycle 64 w i t h  good 
About a 10% bleed Is maintained on the  eluting solution t o  

Loadings are 

Present t e s t t a g  of Utex l lquors using an elut ing solution 
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C. S’toebrpiles 19, 24, 29, 6, 16 - 
Test work on stockpilea 6 and 16 is incomplete a t  th i s  writing and 
w i l l  be reported at a later date. 

Table XXXII presents renl t r ;  obtained when liquors produced by 
bench scale t e s t i . 4  were Lon-exchanged. 
loading data 18 SnsoqLete because of insufficient solution t o  
saturate the eoluzuiis. 
t o  1.7 and reduced to ht least -425 me before being runo 

So= of the saturation 

All liquors were adjusted t o  a pH of 1.4 

These data show that Temple Mouxltain roasted ore l iquors were more 
amenable t o  ion-exchange than raw ore liquors. 
ti= gave higher 1.oEdirgs (51.3 vs 
3 minutes on t h i s  liquor. 

Five minute retention 
39.2 breakthrough loading) than 

Stockpile 16, mostly Lutkachukat type ores, showed sat isfactory 
loading of 48.2 gns. U30B,/lfter w.8 . r .  
w i t h  iron. 

T h i s  liquor required reduction 
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LOADING 
Elution 

Assay Fin El. 

-325 9 ~ .  4 48,O 
-390 28 39.2 
,330 26 31.2 
-.L2 5 10 9.3 
-LXO 16 27.2 
-380 42 51.3 

. -380 30 22.5 
-390 52 39.0 
-375 42 L1.6 

52,9 
75 .L 
L8,2 
9. n 

L?o 5 
63 2 f i  
35.0 
46.5h 
52.6 

13,6 
12,L 
1 2 , 7  
10.3 
11.2 
10.9 
'9.7 

12.0 
12.1, 

Notes : 
Liquors, reduced with iron na i l s  before neutralization. 
Inccnrplete Elution - Column cleaned with NaOH. 
ran 0.151 g/l U 08; 0.192 g/l Mo. 

Not Saturated - Loading is for  40 $ saturation. 
Not Saturated - Loadfng is fqr 56 $ saturation. . -  

NaOH El. (6.7 CoVe) 

Incomplete Elut  z on - No data taken on cleanup, 
A 5 Mfnute Retention Time 

3.89 
6.07 
3.78 

0 87 
1.56 
5.81 
3.60 
3.86 
4.23  

0 21 
19 

0 0.1 
20 
05 
13 
.11, 
13 
16 
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stockpiles 19, 26 a d  6 a11 p?c;diiC€d liquors that  appeared amenable 
t o  ion-exxhange. 
of Muddy Biver ore d i d  not glve s s t l s f ac to ry  ion-exchange results. 

S tockpi le  29 ( i n  this series of tests) and a sample 

The data pyesa t ed  in Table IXXII, indicate that  a l l  of the ores presently 
stockpiled a t  M1x-it1ceU.o &re a n a b l e  t o  ion-exchange and acid leaching. 
Muddy River ore 16 nst pre jen t ly  s tockpi led a t  Monticello, so no further 
work was done on it. 

Data for the 1.0 resin eyclen completed on Stockpiles 19, 24 and 29 in  
the 1/2-inch colirms , is pzeaented In Table XXXIII. 

TABLE XXXIII 

1/2-Inch I J a i t  - Cycles 1 t o  10 
S t o s k p i l e s  19, 24, 29 Liuqors 

EXHAUSTION 

19 24 
Head Solution: pE = 1 . n o  2.0 17a 

g./L. UFs 1.05 1-37 
emf' = -380 -400 

,+/I,. v:oj = .36 ca. 2.50 

39 . 182 
231 68 

3.55 

6402 

53.58 
3.70 

49.88 

137 
.26 

.003 

99 744 

13.838 
180.00 

7.80 

3 013 
.43 34 

ca. . l 5  
. ,.-4 

29 
i . 4 t o  1.6 
-400 
1.20 
2.83 

43 0 345 
282.89 

3.36 

65.6 

51.965 
3.051 

48 914 

.176 
36 

004 

99 644 

13 209 
158.82 

7.21 

3.60 
47.525 

ca. . l 5  
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ACCO-58 - 42 - 
Aside from rather high eluate volumes, probably due t o  short e lut ion 
retention t L w i i ,  these three stockpiles show good amenability t o  ion- 
exchange. No dff f jcul ty  stsould be encountered i f  they are  t reated by 
1 on -exchange. 
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